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INTRODUCTION
The areas framed under different types of legal protec-
tion such as Marine Protected Areas (MPAs) aim to pre-
serve natural habitats and its biodiversity. The main role 
of these legal protection figures consists in protecting a 
marine area from anthropogenic impacts thus ensuring 
the continuity of vulnerable species and its genetic load 
(Pujolar et al. 2013). Integrated coastal management and 
conservation initiatives are commonly known as a tool for 
fisheries management (Cooke et al. 2014, Metcalfe et al. 
2015). However, since MPAs were shown to be effective 
in terms of ecological conservation (Halpern 2014, Pen-
doley et al. 2014), their interest has turned to be focused 
in the conservation of rare or endemic species (Margules 
& Pressey 2000, Roberts et al. 2003).
One of these species is the Mediterranean fan mussel 
Pinna nobilis. This endemic bivalve is a large suspension-
feeder that can reach more than one meter of total shell 
length (Moreteau & Vicente 1982, Zavodnik et al. 1991, 
Butler et al. 1993) and live around 40 years (Rouanet et 
al. 2015). The species shows one of the fastest growths of 
all bivalves, reaching rates from 7 to 10 cm of total shell 
height (Ht) in one year (Moreteau & Vicente 1982, Rich-
ardson et al. 1999, Siletic & Peharda 2003). Pinna nobilis 
usually occurs at depths between 0.5 and 60 m, generally 
on soft-bottom areas overgrown by seagrass meadows 
(mostly Posidonia oceanica and Cymodocea nodosa), but 
also in rocky and maërl bottoms (Trigos & Vicente 2016) 
where they live with the anterior portion of their shell par-
tially buried and attached by their numerous byssus fila-
ments to different particles of the substrate.
Population density varies between 1 and 10 individu-
als·100 m–2 (De Gaulejac & Vicente 1990) although high 
densities up to 5-6 individuals·m–2 have been reported in 
some coastal lagoons (Vicente & Moreteau 1991, Catsi-
ki & Catsikieri 1992). The regression of populations of 
P. nobilis has been reported for years (De Gaulejac &
Vicente 1990) as a result of fishing, and/or accidental
harvesting by trawling and shell breakage by anchoring
(Katsanevakis 2005, Acarli et al. 2011). Consequently,
it has been listed as an endangered species in the Medi-
terranean and is under strict protection according to the
Habitats Directive 92/43/EEC (Annex IV), the Protocol
for Specially Protected Areas and Biological Diversity in
the Mediterranean of the Barcelona Convention (Annex
II) and the national laws of most Mediterranean coun-
tries. Moreover, recent mortality events occurred in Span-
ish coasts which reached values up to 100 % (Darriba
2017) have considerably reduced local populations of this
bivalve.
This fact among others is one of the reasons why mon-
itoring populations of this species must be considered as 
the main tool to control density and healthy status of indi-
viduals. Herein, as a first step towards monitoring trends 
and a prerequisite for its conservation, the present study 
aimed to determine the spatial distribution of the spe-
cies and mean total shell height (Ht) of the individuals to 
assess the current status of the fan mussel population in 
four Mediterranean areas under different figures of pro-
tection. 
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ABSTRACT. – Recent mortality events of Pinna nobilis registered in the western Mediterra-
nean coasts highlight the need to monitor regularly populations of this endangered endemic 
bivalve. The present study has investigated a total surface of 6,400 m2 of 4 protected areas from 
france and Monaco registering density of individuals and biometric data of each population. 
Herein, densities of 3.56 individuals·100 m–2 in the Embiez archipelago, 6.81 individu-
als·100 m–2 in the natural Reserve of Scandola, 1.37 individuals·100 m–2 in the national Park of 
Port-Cros and 5.25 individuals·100 m–2 in the underwater Reserve of larvotto. These values, 
with great number of adults and juvenile individuals, support the healthy and consolidated status 
of these populations.
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MATERIALS AND METHODS
With the aim to evaluate the current status of P. nobilis popu-
lations in four different locations in france (Embiez Island, nat-
ural Reserve of Scandola and the national Park of Port-Cros) 
and Monaco (underwater Reserve of larvotto). In every loca-
tion, tourism and recreational activities such as scuba diving 
is allowed, provided that proper authorizations are obtained. 
A total surface of 6,400 m2 was monitored from 2012 to 2015. 
for each location a study surface of 1600 m2 was estimated 
based on density surface modelling with 16 linear transects of 
50 × 2 m via scuba diving (Katsanevakis 2007) in those places 
with greater population interest or with a noticeable need of 
conservation. This methodology was selected at the expense of 
other techniques also used to control the populations of this spe-
cies, being the most indicated when it is necessary to cover large 
areas (García-March 2005).
The starting points for each transect were selected randomly 
always within seagrass meadows of P. oceanica and at depths 
varying from 5 m in the shallowest location of Port-Cros to 40 m 
in l’Imbutu (natural Reserve of Scandola) thus covering the 
bathymetric range where P. nobilis inhabits (Basso et al. 2015). 
Visual censuses were performed by a couple of scuba divers 
guided by a tape measure. After fixing the starting point with 
a pickaxe, the surface of each transect was studied heading a 
straight line with the help of a compass. Herein, the censuses 
were carried out in winter months where the size of the leaves 
of P. oceanica is shorter (Ott 1980) and consequently facilitates 
the location of the fan mussels. In certain cases where the size 
of these leaves avoided to realize the visual census, both divers 
were provided with a structure constructed in PVC that allowed 
to “brush” the P. oceanica leaves locating the hidden individuals 
(fig. 1).
Every fan mussel observed was measured with a multi-
caliper to the nearest millimetre in “Hs” (shell height over the 
substrate) and “a” (shell width in the substrate) to calculate Ht 
(total shell height) according to the equation of García-March 
and ferrer (1995):
Ht = (1.79·a + 0.5) + Hs
using the SPSS® program, statistical analysis was carried out 
to determine significant differences among the Ht values regis-
tered in each location. A one-way AnOVA was calculated fol-
lowed by the post-hoc (DHS-Tukey) comparison to detect pos-
sible differences among populations.
RESULTS
A total of 273 individuals were recorded in the 4 loca-
tions being most of them adults with a mean size of 45.04 
± 15.32 cm Ht (fig. 2).
In Embiez island 58 specimens with an average size of 
40.54 ± 15.51 cm Ht were observed presenting, therefore, 
an average population density of 3.56 individuals·100 m–2. 
In the natural Reserve of Scandola (Corsica), the num-
ber of fan mussels registered increased to 109 individuals 
with an average Ht of 45.90 ± 20.30 cm, thus obtaining an 
average density of 6.81 individuals·100 m–2. In Scandola 
the heterogeneity of the population is even greater and in 
the strait of Gargalo, where population is known to be one 
of the most favorable places for the recruitment of juve-
niles, reaching the highest density values of the whole 
Reserve (21 individuals·100 m–2). In contrast to this abun-
dance of recruits in Scandola, it is necessary to mention 
the Imbutu population, with mean Ht (78.90 ± 6.08 cm) 
and a density of individuals (8.5 individuals·100m–2) that 
fig 1. – Scuba divers searching 
individuals of Pinna nobilis in 
parallel using the “brushing” 
technique when Posidonia ocea-
nica leaves are longer.
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probably make it one of the oldest populations of all stud-
ied in the present study.
In the national Park of Port-Cros, only 22 specimens 
of P. nobilis were registered with a mean Ht of 51.47 ± 
10.95 cm and an average population density of 1.37 
individuals·100m–2. In the underwater Reserve of larvot-
to, something similar is observed because in the shallower 
northwest, there were maximum densities of 13 individu-
als·100 m–2 while in the deepest zone and coinciding with 
the lowest limit of the P. oceanica meadow with severe 
regression symptoms, density is reduced to 1·100 m–2 
individuals. nevertheless, the larvotto underwater 
Reserve (Monaco) accounted for a total of 84 nacres with 
an average size of 48.26 ± 9.45 cm Ht and a population 
density of 5.25 individuals·100 m–2.
The analysis of variance indicated the existence of 
significant differences between the Ht of the individuals 
registered in each area (AnOVA, f = 3.850; p < 0.05). 
The post-hoc analysis highlights that this difference was 
greater in the population of Embiez (p < 0.05) suggesting 
that this population is formed by a combination of adult 
and juvenile specimens that ensure the continuity of the 
species.
The population of Scandola appears to harbor areas 
of recruitment whereas for the other locations, popula-
tions seem to be older (fig. 3). Herein, recruitment rates 
in these areas should be monitored annually in order to 
find out if conditions are favorable for the continuity of 
the local population or if it is necessary to apply correc-
tive measures.
DISCUSSION
The widespread presence of adults (45.04 ± 15.32 cm 
Ht) in all the locations studied shows that these are well-
established populations with high variability in the densi-
ties observed in the different areas. This heterogeneity is 
common in P. nobilis as its spatial distribution is usually 
“patched” (Richardson et al. 2004, Katsanevakis 2005) 
and generally entails the identification of areas with a 
large number of individuals that contrast with others dis-
playing isolated individuals.
The average density of individuals observed in Embiez 
(individuals 3.56·100 m–2) is similar to that described by 
Medioni & Vicente (2003) thus, this population appears 
to be stable in last decade. Despite Embiez archipelago 
is currently unprotected in terms of legal protection, the 
population density registered is comparable and even 
greater than observed in certain areas with protected areas 
(Trigos et al. 2013), and may be due to the anchoring pro-
hibition existing in many places of the island as occurs 
in la Cauvelle (Embiez island) where the maximum val-
ues recorded for that population reach up to 7 individu-
als·100 m–2.
fig 2. – Average total shell height (Ht) and standard deviation 
registered for Pinna nobilis in each studied area.
fig 3. – Individual density according to size range (Ht) for each location.
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In Port-Cros and despite their long history as a pro-
tected area, the reduced number of fan mussels reg-
istered is mainly due to the exclusion of the shallowest 
area of la Palud underwater trail in the transects, where 
were observed the highest densities of up to 8 individu-
als·100 m–2 (Vicente et al 1980, Medioni & Vicente 2001), 
generally composed by young specimens. In the rest of 
the studied areas, the populations show lower density 
between 0 and 1.16 individuals·100 m–2. Moreover, in cer-
tain zones such as the emblematic field of la Palud (Port-
Cros) discovered by Commander Tailliez, the population 
has completely disappeared, including the last specimens 
of P. nobilis within ≈ 45 years (Rouanet et al. 2015), pre-
sumably due to the regression of the P. oceanica meadow 
in which it inhabited.
According to the literature, the minimum and maxi-
mum population density of P. nobilis ranges between 
0.001 (Centoducati et al. 2007) and 600 individuals 
100 m–2 (De Gaulejac & Vicente 1990, Catsiki & Catsiki-
eri 1992) respectively, although the most common value 
is 1 individual·100m–2 (Šiletić & Peharda 2003). There-
fore, it can be considered that population densities of 
Embiez, Scandola and larvotto are higher compared to 
the rest of the locations surveyed in the Mediterranean in 
recent years (fig. 4), then confirming the effectiveness of 
protection measures established in these areas.
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